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A study of infiltration rate in South West region of Burkina Faso.
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Abstract: The rapid progress and development of agriculture in Burkina Faso aim towards the
expansion of agricultural land, the utilization of all water sources and the increase in crop production
to meet the needs of rabidly increasing population. Therefore, infiltration rate (IR) was studied at nine
locations in the south west of Burkina Faso ( Niangolko soils, Banfora soils and Farakoba soils)  soil
texture was different from region to another and varied between sandy to sandy clay loam  ,The
values of IR (mmh-1 ) in the first zone ranged from 14.00 to 21.02mm h-1, rising in the second zone
from 8.50 mmh-1  to 35.05 mm h-1, meanwhile ranged between 2.74 mmh-1  to 31.99 mmh-1   in the
third zone. The electric conductivity (EC dS m-1) ranged from 0.51 to 11.23dS m-1 and CaCO3 from
7.25 to 34.8 %. All values of infiltration rate were ranged between moderate to very rapid according
to soil physical and chemical properties. It can be concluded that irrigation systems should be
designed according to basic IR and convenient practices of farm management, because soil is one of
the main limiting factors for agriculture and precision farm.

Key words: infiltration rate, soil physical and chemical properties, Niangolko soils, Banfora soils
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INTRODUCTION

Burkina Faso is located in the Sudan-Sahelian zone of West Africa and is subjected to a high degree of
climate variability and population growth, 2.3 %/year SIDA, (2005). The country has no coast and is
surrounded by the neighboring countries of Mali, Niger, Benin, Togo, Ghana and Cote d’Ivoire. Most Burkina
be live in the countryside and 92% working as farmers in the year 2000, but farming only contributed with
26% of the Gross National Product. The country is therefore heavily dependent on economical support from
other countries. Burkina Faso has been classed as the second poorest country in the world PUND, (2007). The
rapid population growth intensifies the pressure on soil and water resources. The main climatic features of the
country are low rainfall, spatial and temporal variability, and high temperatures particularly during the dry
season and high evapo-transpiration. Beyond the Sahelian zone is the dry land savannah of the Sudanian zone,
which registers an average annual rainfall greater than 600 mm Ase, (2004), has also experienced serious
climate shocks, particularly drought, since the year 1980. This climate parameter compromises the sustainability
of land use and seriously contributes to food insecurity among rural population. Since rainfall constitutes the
main source of water for growing crops, it is an essential element of the water balance. But when soils are
highly degraded, actual rainfall limits growth and production of vegetation since most water infiltrates into the
soils. Therefore, the infiltration capacity is considered as a key property of such semi-arid soils. When
precipitation is sparse on an annual basis, the importance of getting as much water as possible deep into the
root zone is great. A high infiltration capacity prevents surface runoff and soil erosion, which are common
phenomena in Burkina Faso, where rain momentarily can reach an intensity of 120 mm/h, Son and El-Hassan,
(2001). Thus biannual tillage may improve soil surface properties compared to annual tillage, Franzluebbers
et al., (1999). If the surface soil structure is improved, there will be a greater infiltration capacity and water
use efficiency is improved on the long run, Dutarlre and Bartoli,,(1993); Messing and Jarvis (1993); Rundquist
(2004) and N'Diaye et al., (2005).  Since infiltration rate is the first step that expresses the movement of water
into the soil Kohnke, (1968), it was selected for this study. The entry of water depends on both the matric and
gravitational potentials and on soil physical properties governing it. Skaggs et al. (1983) found that infiltration
rates tended to increase with coarser deep soil profile. However, in as much as soil profiles of most natural
soil are seldom uniform, the effect of stratification on infiltration rate is often spectacular. In this accord,
Agrawal et al. (1974) found a highly significant positive relationship between sand content and final infiltration
rate. Similar results were obtained by El-Samanoudy (1976), Marshall and Holmes (1979), Jensen et al.
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(1987),Humphrey and Fisher (1995), Abdel Rahman et al (2008) and Abdel Rahman et al (2009).
The objective of the present study was to evaluate the characterization of infiltration rates and other soils

properties for irrigation systems should be designed according to basic IR and the state of agricultural
development in the South west region of Burkina Faso. 

MATERIALS AND METHODS

The studies is divided into three soil zones; the first Niangolko soils, represented by profiles 1, 2 and 3.
The second zones Banfora soils is represented by profiles 4, 5 and 6 and the third zones Farakoba soils
represented by profiles 7, 8 and 9.Soil samples were collected from the representative soil profiles following
the morphological variations throughout profiles depth. Particle size distribution was carried out on the
disturbed soil samples using the pipette method, Piper (1950). Soil moisture retention was determined at 0.10
and 15.0 atmospheres using pressure plate and pressure membrane apparatuses, Black (1986). Total carbonate
was determined using Collin's Calcimeter, Piper (1950). Infiltration rate was determined under a constant head
of water (7cm) using double ring infiltrometer as described by Klute (1986). The cumulative depth of infiltrated
water D in cm was calculated as a function of time t, according to Philips two terms equation [1957a &b]. 

D = St0.5 + At                                i = St-0.5 + A

Where; i is the infiltration rate, i.e., the steady state infiltration rate, S and A are constants.

RESULTS AND DISCUSSION 

1- Climate:
The climate is classified as north-sudanian type Fontes and Guinko, (1995). Over the last 30 years, the

average annual rainfall was 800m. Rainfall is mono-modal, lasts for 6 months, May to October and is
distributed irregularly in time and space. Mean daily temperatures vary between 30°C. The mean monthly
minimum temperature varies from 15.0 – 30.0 °C, while the mean maximum temperature ranges from 32.2
– 42.7 °C. The highest temperature is recorded from May to June, while the lowest temperature is from
December to February. The relative humidity reaches a minimum of 25.5 % in February and March and a
maximum of 69.0 % in August. The mean monthly wind speed varies from 1.37 to 3.92 ms-1, with a maximum
during June, while the minimum wind velocity is reached in October. The average annual rainfall during the
last forty years is 480.5 mm. During this period, the highest amounts of rain were recorded in 2003, 753.0
mm, in 1963, 748.0 mm and in 1966, 736.0mm. There is, however, a considerable inter-annual variability in
rainfall. The tendency is for a general decline in precipitation over the years. Therefore, rainfall decreased from
748 mm in 1963 to 259 mm in 1987. The driest period occurred between 1977, 279 mm and 1987, 259 mm.
In general the climate of Burkina Faso is sunny, hot and dry with three different seasons occurred: a dry - cool
period from November to February, a hot - dry period in March, April and May where temperature may reach
40 °C, and a wet period from June to October. In the southern part of the country the annual average rainfall
is around 1000 mm, but in the northern sahelian zone it is only 250 mm Some & Siva Kumar, (2004).

Soil Physical Properties:
The first zone, displays numerous soil textural classes varying from coarse to fine texture, sandy clay loam.

This zone is represented by 3 soil profiles namely (1, 2, and 3) whose properties are presented in table (1).
Soil textural class of Niangolko soils varied from one layer to another within the same soil profile, and also
between soil profiles. For instance, the soil profiles were characterized by a sandy loam texture in the upper
and middle soil layers, and sandy clay loam in the bottom soil layers. The weighted means of soil fractions
were 72.08, 13.25 and 14.66% for the texture sand, silt and clay percentages, respectively. The percentage of
retained moisture, i.e., field capacity, 0.1 bar ranged between 10.13% and 26.46%. Permanent wilting point
(15.0 bar.) ranged from 4.22 to 9.89% and available soil water ranged from 5.91 to 16.66%.

Also, data in table (2) and Fig. (1) reveal that the basic intake rate is almost similar within the soil
profiles representing this zone and the values of I.R. ranged from 14.00 to 21.02 mmh-1, and distinguished as
rapid infiltration class. Furthermore, the values of infiltration rate are high in the first few minutes, the basic
I.R. displayed a steady state after 3 hours and the cumulative infiltration rate varied from 59.00 to 90.0 cm.
Also data in table (2) showed that the infiltration rate was high and rapid in soil profiles No. 1, 2 and 3 .The
highest infiltration rate of this soil profiles might be attributed to the high sand content over 90.0%and low
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clay content. The low IR in the third soil profile might be attributed to the particle size distribution and other
physical properties in the different layers this behavior is attributed to the fact that the coarse textured soils
in the upper soil layers have higher macro pores than the fine textured layers of the bottom soil layers.
Moreover, the basic infiltration rate increases as macro pores increase because the coarse textured soils have
higher macrospores than the fine textured ones. Also the results clarified that, as soil sand content increased,
water movement increases due to the relative increase in soil pores and the converse is true, Clemmens (1981)
and Clemmens (1983).

Thus, the drip irrigation could be the suitable system for this area to avoid deep percolation and seepage
of irrigation water. Therefore, soil productivity in such semi-arid zones is often limited by water availability. 

Fig. 1: Niangolko soils Instantaneous and cumulative infiltration.
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Fig. 2: Banafora soils Instantaneous and cumulative infiltration.

In general the basic infiltration rates of the studied soils of this group range between 14.00 and 21.02
mmh-1, rapid and very rapid. if the basic infiltration rate exceeds 12 cm/hr or the value of "n" exceeds 0.70,
the soil is considered unsuitable for surface irrigation except under special conditions. However, the sprinkler
or dripping systems are applicable for sandy soils. 

With respect to second zone, Banfora soils represented by soil profiles No, 4, 5 and 6, data in Tables (1
& 2) and fig(2) indicated that these soil profiles were characterized by sandy to sandy clay loam and clayey
texture in some soil layers, and  in general the all soil layers had a high sand content except in the bottom
soil layers of profile 6,.also the weighted mean of sand, silt and clay content were 66.05, 13.35 and 20.59 %for
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sand, silt and clay were found in soil profiles 4, 5 and 6 respectively. The data also indicated that field water
capacity was high in the bottom soil layers, 32.06 to 44.43.39%. On the other hand, the upper soil layers had
an opposite trend. Therefore, the IR was distinguished as moderately 8.50 to very rapid 35.05 mmh-1 depending
mainly on the nature of the soil surface. Thus, the initial IR was high at first, but the final IR was limited by
the conductivity of the transmission zone of subsurface layers. This behavior is attributed to the increase of
clay percent, in bottom soil profiles. In this regard, the correlation between clay content and infiltration rate
is negative highly significant, Hillel (1971)] and Talaat (1991). Those authors reported that the presence of clay
layers impeded the downward water movement owing to their low macro - pores

Table 1: Soil physical properties of the studied soil profiles.
Profile No Depth Cm Particle size distribution (%) T.C* Pbg/cm3 Moisture Content at Avail, moisture

----------------------------------------- ----------------------------
T. Sand Silt Clay 0.1 atm 15 atm

1 0-30 93.20 2.55 4.25 S 1.60 10.13 4.22 5.91
30-60 70.97 12.31 16.27 SL 1.52 23.74 9.89 13.85
60-90 72.20 12.89 14.91 SL 1.53 19.85 8.27 11.58

2 0-30 74.02 10.49 15.49 SL 1.55 15.34 6.39 8.95
30-60 70.38 11.74 17.88 SL 1.48 15.74 6.56 9.18
60-90 63.40 16.99 19.61 SL 1.41 14.69 6.12 8.57

3 0-30 74.69 15.82 9.49 SL 1.53 22.82 9.51 13.31
30-60 74.23 14.71 11.06 SL 1.54 22.10 9.21 12.89
60-90 55.72 21.73 22.55 SCL 1.40 26.46 9.80 16.66

4 0-30 88.34 3.52 8.14 S 1.60 8.54 3.56 4.98
30-60 89.47 3.39 7.14 S 1.61 8.09 3.37 4.72
60-90 81.58 5.12 13.30 SL 1.50 19.80 8.25 11.55

5 0-30 71.26 10.74 18.00 SL 1.45 23.88 9.95 13.93
30-60 70.09 18.42 11.49 SL 1.56 21.36 8.90 12.46
60-90 52.71 19.27 28.02 SCL 1.39 32.06 12.33 19.73

6 0-30 76.96 7.52 15.52 SL 1.42 21.19 8.15 13.04
30-60 33.20 24.51 42.29 C 1.32 41.47 15.95 25.52
60-90 30.88 27.69 41.43 C 1.31 44.43 17.09 27.34

7 0-30 55.76 27.26 16.98 SL 1.56 25.79 9.92 15.87
30-60 33.33 29.27 37.40 CL 1.25 40.98 15.76 25.22
60-90 29.20 28.05 42.75 C 1.22 41.55 17.52 24.03

8 0-30 73.51 15.23 11.26 SL 1.60 25.90 9.96 15.94
30-60 39.02 17.86 43.12 C 1.21 42.15 16.21 25.94
60-90 36.58 21.62 41.80 C 1.22 40.01 15.39 24.62

9 0-30 87.30 8.26 4.44 S 1.62 10.70 4.46 6.24
30-60 71.45 11.50 17.05 SL 1.45 20.50 8.54 11.96
60-90 70.45 10.85 18.70 SL 1.50 20.95 8.73 12.22

T.C*= Texture class    SL = Sandy Loam        S=    Sand     C = Clay   SCL = Sandy Clay Loam

Table 2: Infiltration parameter and classes of different soil profiles.
Soil Profile No. Equations Initial intake rate I.R cm\hr Class of intake rate

D = 0.61 * t 0.5 + 0.31 * t
1 I =17.91 * t -0.5 + 21.86 47.30 21.02 R.

D = 0.58 0.5 + 0.29* t
2 I = 17.40 * t -0.5 + 17.56 45.10 18.96 R.

D = 0.41* t 0.5 + 0.30 * t
3 I = 12.30 * t -0.5 + 16.0 31.30 14.00 R.

D = 2.66 * t 0.5 + 0.51 * t
4 I = 80.01* t -0.5 + 28.06 111.00 35.05 VR.

D = 1.00 * t 0.5 + 0.29 * t
5 I =30.01 * t -0.5 + 18.9 48.00 20.02 R.

D = 1.77* t 0.5 + 0.075 * t
6 I =53.19 * t -0.5 + 5.30 40.00 8.50 M.

D = 1.70 * t 0.5 + 0.020 * t
7 I = 39.99 * t -0.5 + 1.60 10.99 4.81 M.

D = 1.2 * t 0.5 +0.09 * t
8 I = 29.98 * t -0.5 + 2.48 35.94 2.74 M.

D =2.09 * t 0.5 + 0.50 * t
9 I = 64.00 * t -0.5 + 29.30 90.50 31.99 VR.
M. :Moderate R. : rapid                 V.R. : very rapid

1353



Aust. J. Basic & Appl. Sci., 4(6): 1349-1357, 2010

Fig. 3: Farakoba soils Instantaneous and cumulative infiltration.

As regard to soil physical properties for the third zone Farakoba soils is represented by soil profiles 7,
8and 9  data in table (1) clearly reveal that the texture of the studied soil profiles is sandy loam soil except
the soil layer >60 cm depth of soil profiles No. 7 and No. 8 which is  clay loamy  and clay texture. Data
indicate, also that sand percent in coarse fraction decrease with the depth of the soil profile, meanwhile the
reverse is true for sand percent in fine fraction. Also the data  in table (1) reveal that the textural class of soil
profiles No. 7 and 8 are alternating homogenous clay for the deepest soil layers and heterogonous in the upper
soil layer. The weighted means for all soil fractions sand, silt and clay along the representative soil profiles
are 55.18, 18.87 and 37.06% in the same sequences. Soil profile No. 8 had higher clay percentage than the
other soil profiles, followed by soil profiles No. 7. Field capacity ranged between 20. 5 to 42.15%. From the
data in Table (1&2), it can be noticed that bulk density ranges from 1.21 and 1.62 g/cm3. Also the percentage
of retained moisture at three soil water constant, i.e. field capacity, witling point and available water. The
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values of soil moisture content are fluctuated between 10.70 – 42.15%, 4.46 – 16.21% and 11.96 – 25.94%
for FC, PW and AW, respectively. The results also that this zone is characterized by high clay percentage that
varied form 41.8 to 43.12% and low sand percentage that ranged between 4.44 and 11.26%, therefore field
capacity is quite high 10.70 – 42.15% due to the fact that the soil water holding capacity is high and the
downward movement of water is low than the other soil profiles. The third soil profiles is homogenous sandy-
loam textured and displayed high infiltration rate of 31.99 mmh-1 according to table (2) and fig (3) .These
findings clarified that as soil sand content increases water movement increases due to the relative increase in
soil pores, Talaat (1991)] , Abdel Rahman et al (2008), Abdel Rahman et al (2007)] and Clothier and Brent
(2001).But the values of IR are low and moderately in the soil profiles 7 and 8 It is clearly noticed that these
values are low due to the light textured soil of this soil profiles . This behavior is supported by the negative
correlation between clay content and IR which is highly significant Hillel, (1971), Nasser, (1980) and Talaat,
(1991). Therefore, the surface irrigation could be a suitable system for this zone except the area under soil
profile No 9. In concluded this study demonstrates the dependence of infiltration on soil variables; particularly
particle size distribution. For instance, the predominance of sand stimulates rapid infiltration, while fine
particles, i.e. silt and/or clay diminish infiltration. Silt and clay can plug soil pores and form soil aggregation,
which increases the soil micro-pores thus the use of IR parameters, soil texture, and available water as
indicators to the suitability of an irrigation system must be coupled with the data of irrigation frequencies for
plants which might be grown under this region.

Table 3: Chemical properties of the studied soil profiles.
Profile No. Depth cm EC dS.m-1 pH CaCO3 Cations meql-1 Anions meql-1

-------------------------------------------- ---------------------------------------------------
% Na+ K+ Ca++ Mg++ CO-

3 HCO--
3 Cl- SO4

--

1 0-30 2.17 7.68 28.53 16.29 0.41 3.31 1.69 - 3.57 12.16 5.97
30-60 0.96 7.41 27.44 7.17 0.54 2.33 1.42 - 1.74 5.13 4.59
60-90 1.53 7.34 24.85 12.26 0.66 2.72 1.78 - 2.76 9.02 5.64

2 0-30 13.71 7.75 32.21 78.26 1.33 42.46 17.79 - 2.98 71.60 65.26
30-60 4.65 7.78 20.75 39.78 1.05 13.30 3.20 - 2.38 32.18 22.77
60-90 2.16 8.05 30.70 16.52 0.63 8.88 3.12 - 2.38 16.16 10.61

3 0-30 5.19 7.36 26.44 34.13 0.79 10.54 8.71 - 4.17 32.60 17.40
30-60 1.14 7.80 34.80 8.26 0.51 4.16 1.09 - 4.74 7.50 1.78
60-90 1.03 7.29 29.36 9.78 0.46 3.89 1.61 - 4.88 7.12 3.74

4 0-30 2.50 7.59 24.18 21.05 0.45 3.30 0.20 - 5.95 16.50 2.55
30-60 2.54 7.74 24.01 22.39 0.64 2.75 2.25 - 2.38 19.0 6.65
60-90 2.77 7.49 16.11 18.04 0.64 8.03 3.72 - 2.38 19.05 9.00

5 0-30 1.98 7.63 7.25 17.83 1.29 4.15 1.35 - 1.79 15.0 7.83
30-60 11.23 8.06 10.54 57.61 1.23 46.62 15.88 - 2.38 81.00 37.96
60-90 8.95 7.41 26.10 51.30 3.13 43.01 16.99 - 4.17 67.0 43.26

6 0-30 5.98 7.53 18.78 38.59 1.97 11.72 7.52 - 5.36 39.74 14.70
30-60 0.78 7.71 28.76 6.22 0.41 1.67 0.33 - 2.36 4.50 1.77
60-90 0.88 7.65 35.88 6.06 0.43 2.61 1.39 - 2.88 5.50 2.14

7 0-30 14.54 7.64 16.60 91.30 1.14 54.39 18.86 - 2.38 96.60 66.71
30-60 7.85 7.14 29.01 44.57 6.14 43.85 12.40 - 2.38 55.40 49.18
60-90 2.56 7.61 28.00 16.57 1.05 7.50 2.50 - 2.98 18.03 6.61

8 0-30 1.34 8.34 30.27 10.22 0.59 1.67 1.33 - 2.95 6.50 4.36
30-60 1.29 8.56 32.70 10.00 0.56 1.67 1.33 - 2.17 6.60 4.79
60-90 1.30 8.67 32.19 11.00 0.46 1.39 0.61 - 2.17 7.50 3.79

9 0-30 0.56 7.80 16.18 5.13 0.46 2.22 1.03 - 1.36 4.40 3.08
30-60 0.51 8.04 19.11 5.50 0.31 1.39 1.36 - 1.76 3.95 2.85
60-90 0.74 7.87 22.22 5.78 0.32 2.50 1.50 - 1.55 4.93 3.62

Soil Chemical Properties:
Values of chemical properties, Table (3) indicate that the studied soil profiles are highly saline with EC

values ranging between 0.51 and 14.54 ds/m. Soil reaction pH of the studied soil profiles is moderately
alkaline where the values range between 7.14 and 8.67. For the chemical properties, data in table (3) showed
that the soil is saline-alkali. 

Sodium is the most predominant soluble cation that varied from 5.13 to 78.26 (me/I) followed by calcium
whereas chloride is the predominant anion followed by sulphate.The cationic composition could be arranged
in the descending order: Na+ > Ca++ > Mg++ > and K+ while the anionic composition is dominated  by Cl-

followed by SO4-- and H2O3--. And CaCO3 % varied within a wide limit from 10.54 to 35.88 %. 
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Conclusion:
From previous results, it is evident that the important role of coarse and fine texture which reflection

hydraulic conductivity as well as IR in performance. Since infiltration data are fundamental prerequisite for
designing, evaluating and managing irrigation systems, and very important key process in the management of
water resources for crop production in both irrigated and dry land agriculture, so irrigation design should be
implemented and  monitored more carefully increase water application efficiency and consequently decrease
any loss of nutrients moving beyond the roots zone. Also the measures and practices should be applied to
desert areas subjected to wind erosion such as protection, mulching, deep plugging and adding organic
amendments, because wind erosion physically removes the lighter, less dense soil constituents such as organic
matter, clays, and silts. Thus it removes the most fertile part of the soil and lowers soil productivity.
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